The use of estrus synchronization and fixed-time artificial insemination increased the percentage of heifers that conceived in the first 19 d of the breeding season, and therefore, potentially altered the calving distribution by ensuring that more heifers calve early during the subsequent calving season. 
Introduction
Reproductive efficiency is the most vital factor impacting the economics of a cow-calf operation (Smith et al., 2005) . Reproductive management technologies such as ES and TAI can be utilized to increase reproductive efficiency and thus, profitability of beef cattle production systems. Estrus synchronization is a biotechnology that has been available for use in the cattle industry for more than 40 years. When ES is utilized, a greater proportion of cows and heifers may become pregnant earlier in the breeding season, and as a result, a greater proportion of calves may be born earlier in the calving season, and a calf crop with greater uniformity can be achieved (Dziuk and Bellows, 1983) . With a more uniform calf crop, calves may be older and heavier at the time of marketing, resulting in a net increase in profit (Rodgers et al., 2012) .
Cow-calf production is an essential agricultural practice in the state of Florida, and with a subtropical climate, Florida is an ideal location for raising Bos indicus cattle. Differences in reproductive physiology exist between Bos indicus and Bos taurus cattle, which should be considered when establishing reproductive management programs (Figueiredo et al., 1997; Bó et al., 2003; Sartori and Barros, 2011) . Numerous studies have been performed on calving distribution in Bos taurus cattle (Minick Bormann and Wilson, 2010; Funston et al., 2012; Cushman et al., 2013) ; however, studies on calving distribution in Bos indicus cattle are currently lacking. Therefore, the current study was performed to evaluate the impact of ES and TAI on calving distribution in Bos indicus influenced beef heifers. We hypothesized that the use of ES and TAI would increase the proportion of heifers that calve at the beginning of the calving season by increasing the proportion of heifers pregnant in the beginning of the breeding season.
Materials and Methods
A total of 751 Bos indicus influenced beef heifers were enrolled in a completely randomized design at 2 locations (FL-1 and FL-2) in Florida. Within location, heifers were randomly assigned to receive one of two treatments: 1) 100 µg of GnRH, 25 mg of PGF2α, and a CIDR (1.38 g of progesterone) insert (d 0), 50 mg of PGF2α at CIDR removal (d 5), followed by treatment with 100 µg of GnRH and TAI 66 ± 2 h later (d 8) (SYNCH; n = 371); or 2) heifers were exposed to natural service without any ES or TAI (CONTROL; n = 380). Heifers in both the CONTROL and SYNCH treatments were exposed to bulls, beginning the day after TAI (d 9), for the entire duration of the breeding season. Artificial insemination technicians were distributed evenly within location.
Blood samples were collected on d -9 and again on d 0, to determine the pretreatment cyclicity status of 564 heifers across both locations. Concentrations of plasma progesterone were determined with an immunoassay system (Immulite® 1000 Version 5.22; Siemens Healthcare Diagnostics, Malvern, PA). Heifers were considered estrous cycling if concentrations of progesterone were ≥ 1.0 ng/mL in 1 or both blood samples before treatment initiation.
Transrectal ultrasonography (Ibex portable ultrasound 5.0-MHz linear multi-frequency transducer, Ibex, E.I. Medical Imaging, Loveland, CO) was performed on d 54 after TAI to determine the presence of a viable fetus, thereby determining pregnancy status. Approximate fetal ages were determined at the time of pregnancy diagnosis on d 54. Fetal age was estimated based on fetal size and structural features present at the time of pregnancy diagnosis. Final pregnancy rates were determined by transrectal ultrasonography at least 30 d after the end of the breeding season.
Cyclicity, fetal age, 54 d pregnancy rates, and final pregnancy rates were analyzed using the GLIMMIX procedure of SAS (version 9.4; SAS/STAT, SAS Inst. Inc., Cary, NC, USA). The first model accounted for the fixed effects of treatment, location, and treatment by location interaction. Since a majority (98%) of heifers were determined to be cycling at the FL-2 location, this location was excluded from the analysis assessing the effects of estrous cyclicity on treatments. A second model included the fixed effects of treatment, estrous cyclicity status (prepubertal or pubertal), and the treatment by estrous cyclicity interaction. The LIFETEST procedure of SAS was used to analyze survival estimates. Heifer was considered the experimental unit.
Results
Estrous cyclicity status differed (P<0.001) at the initiation of the treatment between locations and was greater at FL-2 than FL-1 (98.0 vs. 71.1%, respectively); however, cyclicity status did not differ (P>0.31) between respective CONTROL and SYNCH treatments (76.4 vs. 79.9%).
No differences (P = 0.78) in pregnancy rates were noted between SYNCH and CONTROL treatments (65.5 vs. 64.5%). Pregnancy rates at d 54, based on heifers in which cyclicity was determined, did not differ (P = 0.18) between SYNCH and CONTROL treatments (56.7 vs. 49.9%); however, heifers that had attained puberty before the initiation of the treatments had greater (P<0.001) pregnancy rates than those that were non-cycling (64.1 vs. 42.6%), regardless of treatment. Pregnancy rates were not different (P = 0.18) between cycling heifers in both SYNCH and CONTROL treatments (67.2 vs. 60.9%), and did not differ (P = 0.41) between non-cycling heifers in the SYNCH and CONTROL treatments (46.2 vs. 38.9%). No treatment by cyclicity interaction was observed (P = 0.92). Pregnancy rates at location FL-1 were poorer (P<0.001) than at location FL-2 (50.0 vs. 80.0%). No treatment by location interaction was observed (P = 0.47). Final overall pregnancy rates were determined after the conclusion of the breeding season. No difference (P = 0.98) was detected between SYNCH and CONTROL treatments (92.9 vs. 92.9%); however, final pregnancy rates differed (P = 0.003) between locations.
A treatment by location interaction (P = 0.04) was observed, where location FL-1 had a greater average day of conception in the CONTROL treatment compared to the SYNCH treatment (d 32.6 ± 1.3 vs. 27.8 ± 1.3, respectively), whereas at location FL-2 no difference (P = 0.37) in day of conception was detected between CONTROL and SYNCH treatments (d 16.0 ± 2.2 vs. 18.8 ± 2.3). There was an effect of cyclicity on the mean day of conception, with a lower (P = 0.005) average day of conception in the cycling heifers compared to the non-cycling heifers (d 25.2 ± 1.1 vs. 32.0 ± 2.1).
Using survival analysis, it was determined that the percentage of heifers that were pregnant during the first 19 d of the breeding season was greater (P<0.05) for the SYNCH treatment compared with the CONTROL (52.2 vs. 46.4%; Figure 2 ). After d 19 of the breeding season, no differences (P>0.05) were observed in the percentages of heifers that were pregnant at a specific interval during the breeding season. 92.9 0.98 a SYNCH: treated with 100 µg of gonadotropin-releasing hormone (GnRH), 25 mg of prostaglandin F2α (PGF2α) and a controlled internal drug releasing (CIDR) insert (d 0), 50 mg of PGF2α at CIDR removal (d 5), followed by treatment with 100 µg of GnRH and fixed-time artificial insemination (TAI) 66 ± 2 h later. CONTROL: heifers were exposed to natural service without any estrus synchronization (ES) or TAI. All heifers were exposed to bulls, beginning the day after TAI (d 9), for the entire duration of the breeding season. b P-value is associated with the difference between SYNCH and CONTROL treatments. c Blood samples were collected via caudal venipuncture on d -9 and again on d 0 to determine pretreatment cyclicity status. Cyclicity was determined in 564 of the 751 heifers. d Pregnancy diagnosis was performed on d 54 after TAI. e The average day of conception was determined by estimating fetal age at the time of pregnancy diagnosis on d 54 after TAI and based on approximate day of conception from the first day of the breeding season. Percentages are reported as Least Square Means. f Final pregnancy rates were determined at least 30 d after the end of the breeding season.
